Authors' conclusions
In an area with considerable public health impact for drivers with dementia and other road users, the available literature fails to demonstrate the benefit of driver assessment for either preserving transport mobility or reducing motor vehicle accidents. Driving legislation and recommendations from medical practitioners requires further research that addresses these outcomes in order to provide the best outcomes for both drivers with dementia and the general public.
P L A I N L A N G U A G E S U M M A R Y

Driving assessment for maintaining mobility and safety in drivers with dementia
The proportion of older people in the world is increasing and consequently the number of older drivers is also on the rise. Older people commonly depend upon private motor vehicles for their transport needs and so assessment of older drivers with cognitive impairment is becoming increasingly important. We have reviewed the literature on driving assessment in people with dementia for two reasons. First, we wished to see if assessment helped people with dementia and good driving skills continue driving. Second, we wished to discover whether assessment was useful in preventing road traffic accidents.
Although many authors have studied the motor skills, neuropsychological performance and driving behaviour of drivers with dementia, we found no study that randomised drivers to evaluate these outcomes prospectively following assessment. This highlights the need for caution in applying the literature on driving assessment to clinical settings as no benefit has yet been prospectively demonstrated. It also indicates the need for prospective evaluation of new and existing models of driver assessment to best preserve transport mobility and minimise road traffic accidents.
B A C K G R O U N D
With an increasingly aged population, the number of older drivers is on the increase. Driving is the most common form of transport for older people, with only 3% of journeys by older people in the US undertaken by public transport. Transport and access to transport is an important factor in maintaining social inclusion and participation for older people: there is also considerable evidence that limiting this access (i.e. by driving cessation) is associated with poor health and depression (Marottoli 2000) . Exclusion of elderly people from driving has been demonstrated to have many negative effects: loneliness, lower life satisfaction and lower activity levels. Drivers with dementia limit their driving and eventually withdraw, with profound negative effects on their mobility (Taylor 2001).
We do not know what interventions will maintain safe mobility for the longest period for people with dementia. A full assessment (often including an on-road assessment) may have beneficial effects for drivers with many illnesses apart from dementia (Stutts 2003) , and restricted driving licenses following assessment for people with medical conditions other than dementia are associated with a lower crash risk (Vernon 2002 ). An assessment in dementia also allows for advance planning of driving withdrawal and substitution of other transportation modalities, by way of the so-called modified Ulysses pact (Robinson 2004) . It also allow for regular re-testing to guide this process (Duchek 2003) .
Although there is no standardised neuropsychological assessment battery, most driving assessment protocols include medical, occupational therapy, neuropsychology assessment, or a combination of these, and an on-road driving assessment as required. We have no evidence that this intervention enhances either mobility or safety in people with dementia.
We sought evidence that formalised driving assessments are effective in maintaining mobility and safety in drivers with dementia rather than merely excluding those who are unfit to drive. Continued driving and outdoor mobility is important to older people and is a sufficient outcome measure in its own right. Safety is arguably a secondary end point, as crashes are relatively infrequent events, and fatal crashes even more so (1 per 50 million km). RCTs of driving assessment should involve a careful design, randomising people who drive to either formal testing or usual care and assessment, with longitudinal follow-up of satisfaction with transport (Rosenbloom 2003) and crashes or violations.
O B J E C T I V E S
Primary objectives:
• to assess whether driving assessment facilitates continued driving in people with dementia;
• to assess whether driving assessment reduces accidents in people with dementia.
Secondary objective:
• to assess the quality of research on assessment of drivers with dementia.
M E T H O D S
Criteria for considering studies for this review
Types of studies
All relevant randomised controlled trials (RCTs) were included. Non-randomised trials (N-RCTs) are discussed in the Background and Discussion sections as appropriate. N-RCTs were excluded from the meta-analysis.
Types of participants
People with dementia of any type, without age restriction, were included.
Types of interventions
Any formal on-road driving assessment. The driving assessment may also involve standardised neuropsychological assessment battery, medical or occupational therapy assessment, but the intervention that is randomised should include formal on-road assessment.
Types of outcome measures
Our primary outcome was the number of people who remain driving after assessment compared to the control or placebo group. A second primary outcome was the number of road traffic accidents (RTAs) after assessment.
Search methods for identification of studies Electronic searches
We searched ALOIS (www.medicine.ox.ac.uk/alois) -the Cochrane Dementia and Cognitive Improvement Group's Specialized Register on 13 September 2012. The search terms used were: driving or driver* or "motor vehicle*" or "car accident*" or "traffic accident*" or automobile* or traffic. ALOIS is maintained by the Trials Search Co-ordinator of the Cochrane Dementia and Cognitive Improvement Group and contains studies in the areas of dementia prevention, dementia treatment and cognitive enhancement in healthy. The studies are identified from:
1 To view a list of all sources searched for ALOIS see About ALOIS on the ALOIS website. Details of the search strategies used for the retrieval of reports of trials from the healthcare databases, CENTRAL and conference proceedings can be viewed in the 'methods used in reviews' section within the editorial information about the Dementia and Cognitive Improvement Group. Additional searches were performed in many of the sources listed above to cover the timeframe from the last searches performed for ALOIS to ensure that the search for the review was as up-to-date and as comprehensive as possible. The search strategies used can be seen in Appendix 1. The latest search (September 2012) retrieved a total of 741 results.
Data collection and analysis
Studies were selected from lists generated by the search strategy. Hard copies of all relevant studies were retrieved. Two review authors (AM, DON), blinded with respect to study authors, institution and journal, independently assessed trial quality and extracted data from studies that met the inclusion criteria. Meta-analysis and narrative review were performed where appropriate for each of the nominated outcomes. The Review Manager (RevMan 2011) software package was used where appropriate to perform the metaanalysis for continuous and dichotomous outcome measures. NRCTs were not included in the primary analysis but are included in the discussion.
Data extraction
Data were extracted independently by two review authors (AM, DON). A data extraction form was used to record methodological and outcome data.
Quality assessment
The quality assessment of the included trials was undertaken independently and in duplicate by two review authors (AM, RM). The quality criteria that were examined are: allocation concealment (recorded as: adequate, unclear, inadequate or not used), and completeness of follow-up and intention-to-treat analysis. Given the nature of the study, blinding would not be expected.
Data analysis
No data for analysis (see Results section).
R E S U L T S Description of studies
Our first search in 2007 identified 444 titles from which 202 abstracts were reviewed and in all 63 full-text papers were reviewed. Our second search in 2012 identified an additional 122 titles from which 70 abstracts and 41 full-text papers were reviewed.
Risk of bias in included studies
There were no studies that met the inclusion criteria.
Effects of interventions
D I S C U S S I O N
The importance of transportation to health and social inclusion of older people, and in particular, older people with dementia, must be recognised. Helpful studies in this regard are Taylor 2001, which showed an unmet shortfall in transport requirement and provision for drivers with dementia who stop driving, and a public health paper by Freeman 2006, which found that after controlling for other factors, driving cessation was associated with a higher risk of entry to nursing home. This relative lack of attention to transportation may also have societal roots, as indicated by a review of newspaper articles on older drivers, whereby the overwhelming emphasis was on safety rather than mobility (Martin 2005).
A second issue arises from a failure, as yet, to incorporate modern theories of driver behaviour (Ranney 1994; Fuller 2005) into existing driver assessment procedures, which almost invariably emphasise cognitive measures. These may play a less determining role in driving efficacy in mild to moderate dementia than is commonly understood. An exception to the cognitive approach can be seen in the work of de Raedt 2000, which uses a hierarchical and behavioural approach, and which seems to show promise in offroad assessment of drivers who have been noted to require driving assessment by physicians or state authorities.
There may be other methodological difficulties encountered in carrying out driving research. Testing may be challenging for the person, as described by Snellgrove 2000 and Clark 2005, and some may choose to give up driving rather than take a test. Faced with the threat of a test, the older driver may withdraw from driving, and enter the traffic in a more dangerous capacity, that is, as a pedestrian (Hakamies-Blomqvist 1996). One study has suggested it also led to an increase in the relative number of unsafe older drivers based on an increase in crashes per license following the introduction of mandatory testing (Langford 2004). Safety, legal and ethical implications for subjects and assessors carrying out road testing can also create significant obstacles to participation and study design. With the potential for fatal crashes at stake, the tenor of the vast majority of these narratives and descriptive studies is negative -directed towards driving cessation rather than preserving and enhancing mobility -and therefore restrictive from the point of view of the consumer undergoing assessment. They tend to focus on negative outcomes, which, although serious, are, in fact, rare and in doing so reinforce a negative stereotype on a large number of older drivers with cognitive impairment. Another methodological and practical consideration influencing the types of studies available is that identifying risk factors for crashes or cessation can be accomplished by relatively easy adaptation of existing databases or cohort studies. Intervention studies are inherently more time and cost intensive. To undertake intervention studies for rare outcomes such as crashes would require large sample sizes, a prevalent risk factor to target, and a reasonably effective intervention for that risk factor.
In order to appraise the available literature we approached the evidence from the point of view of the consumer and of evaluating physicians and used the following questions to illustrate what is known, what is inferred and what remains to be established.
Will assessment maintain transport mobility?
No study reviewed has discussed long-term transport mobility outcomes for people who passed or failed evaluations.
Will assessment prevent crashes or fatalities?
No study has evaluated this question. In the absence of RCTs of both potential benefits and negative consequences from driving assessment, it is reasonable to consider conducting prospective trials of assessment versus no assessment, but with an independent safety committee reviewing the outcomes regularly during the course of the trial. However a trial of no assessment will not be feasible in regions with legally mandated specialised assessments for people with dementia. Another approach, in regions without standardised assessment of drivers with dementia, may be a trial of standardised testing (by office or road test) versus usual care with outcomes of transport mobility, time to driving cessation, crash or adverse driving behaviour.
What outcome measures might be used to measure transport mobility?
Transport mobility is poorly studied as most research focuses on driver safety, and is hampered by lack of a concise definition or screening instrument, for example, someone may have good transport support and access to services while not driving (i.e. due to good family support), or may hold a license and insurance but may not feel that they have good transportation (through fear of rush hour traffic, difficulty with hospital parking lots). Conceptual models of transport mobility have been outlined by Rosenbloom 1993 and Metz 2000 in an attempt to operationalise aspects of mobility not captured in existing studies but as yet there is little consensus on appropriate measures of transport mobility. Spinney 2009 used data from the General Social Survey in Canada and showed a significant decline in transport mobility benefits in the domains of psychological benefits, exercise benefits, communityhelping and community-socialising with increasing age. This decline in transport mobility was associated with a significant decline in quality of life but driving was not specifically measured. A further, but not co-terminous, measure is driving cessation, which may stand as a useful rough measure, particularly in jurisdictions such as the US where public transport usage by older people is very low and does not increase after driving cessation (Giuliano 2003). Increasing interest is also focusing on multi-modality of transport in older populations, the demographic group within which dementia is most common (Satariano 2012) 4. What outcome measures should be used to measure driver safety?
Crash rate?
This is an area fraught with methodological pitfalls as demonstrated by Hakamies-Blomqvist 1998 and as such there is mixed evidence that drivers with mild cognitive impairment (MCI) and mild dementia will have an increased crash rate. Few authors have attempted a prospective study on crash rate. Anderson 2005 found a positive correlation between neuro-psychological tests (Rey Auditory Verbal Learning Test (AVLT) and Complex Figure Test Recall (CFTR)) with prospective crash rate. They also assessed participants on a driving simulation and a composite score from all the neuropsychological tests, which correlated with each other but not with prospective crash rate. Ott 2008 prospectively evaluated driving performance in participants with early Alzheimer's disease (AD) and healthy controls at six-month intervals. They found that the rate of motor vehicle accidents was not significantly different at baseline and that over the initial 18 months more crashes were observed in the control group but that after correction for miles driven this difference was not significant. Crash rates have been suggested to be higher in retrospective studies; however, these studies are dependent on the accuracy of recalled information and results have differed considerably when data are collected from participants, carers or police records. Stutts 1998 looked at cognitive performance and found that although the association with retrospective, state-recorded crashes in older adults was present the effect was small (less than two-fold increase comparing the top and bottom deciles on cognitive scores) and they were not able to identify a cut-off point that identified a significantly higher risk of crash. Trobe 1996 and Carr 2000 suggested that there was no increased risk of crash in people with dementia who's Clinical Dementia Rating (CDR) (Morris 1994) score was between 0.5 and 1 when looking at state recorded crash rates rather than those recalled by subjects, carers or relatives. This may represent a difference in the types of crashes reported to local authorities and although we can reasonably infer that more serious crashes are more likely to be recorded and that retrospectively recalled events may be less accurate, we have no comparative data on these systems of reporting. Parker's paper has built on previous evidence to show that driving errors are not well correlated with future crashes but previous violations were (Parker 2000). This may go some way to explain the discrepancy between high failure rates on road tests and low reported accident rates. Retrospective odds ratios (OR) for crash comparing drivers with dementia and with no dementia have been reported from 7.9 by Friedland 1988 to 10.7 by Zuin 2002. These studies show a marked difference with respect to numbers of subjects, which may help explain the variable strength of the associations (Trobe: n = 858, Carr: n = 121, Zuin: n = 87, Friedland: n = 50). A much larger study involving 3238 older drivers applying for re-licensing had cognitive tests (Trail Making tests A and B, American Association of Retired Persons Reaction Time test and Short Blessed Cognitive screen) compared with State crash records for the previous three years (Stutts 1998). In that time frame there were 411 crashes including 97 crashes by 45 people, an annual average of 0.043 crashes per person. The investigators found an OR of approximately 1.5 for crashes comparing drivers with cognitive performance in the lowest decile to those in the highest decile. Unfortunately this study did not document a history of dementia in any driver or use cognitive assessments that would allow a diagnosis of dementia, so extrapolating these data to drivers with dementia is difficult. We might infer that the lowest decile of cognitive performance group included at least some people with dementia but the magnitude of the effect on crash risk is unknown. Despite the fact that it is a study of older drivers and does not diagnose or identify a diagnosis of dementia in any participant or group, the Maryland Prospective Older Driver Study (Staplin 2003) can be useful to demonstrate some of the difficulties encountered in driving research. In this paper, 2508 adults over 55 years of age were screened using cognitive and physical performance measures in Maryland. Subjects were recruited by random invitation from all licensed drivers, by medical referral and at relicensing at a senior citizens residential area. This had the advantages of a prospective follow-up for a mean of 20 months following assessment for crash and moving violation outcomes in a large population-based sample. They suggest, based on peak ORs for crash in each of four cognitive tests that cut-off points can be identified for increased risk of crash and high risk requiring intervention. ORs for crash at the following cut-points were: Motor-Free Visual Perception Test (Visual Closure subtest) (MVPT/VC): 5 incorrect, OR 4.96; Trail Making Test, Part B: 180 sec, OR 3.5; Cued/Delayed Recall: 2 incorrect, OR 2.92; Useful Field Of View subtest 2: 300 msec, OR 2.48. Using raw data in the paper we may extrapolate some values for sensitivity and specificity based on the strongest predictor, MVPT/VC, as a screening tool. MVPT/VC of 5 or more correctly predicted 18 crashes had 258 false positives, 93 false negatives and 1503 true negatives in the 1872 participants who had valid test results. This gives us a positive predictive value of 93%, negative predictive value of 94% and a sensitivity and specificity of 83% and 85%, respectively. If we look at the test as an intervention to prevent crashes, then we will need to screen 143 older drivers in order to prevent one crash in the following 20 months and an additional 20 drivers will fail testing.
Driving test performance?
There are reports that drivers with MCI and AD will have a high failure rate on driving tests from which we might infer a higher risk of crash; however, rates of driving test failure vary considerably and, with the exception of Anderson's paper quoted above (Anderson 2005), none of these estimates have been validated prospectively. Snellgrove 2000 reported the highest driving test failure rate in a non-peer reviewed paper for the Australian Transport Safety Bureau. However, this was a highly selected group (consecutive referrals to a memory clinic) with no control group but they did demonstrate an extremely high rate of failure on their road test: 70% of the group of 117 subjects with predominantly early dementia (80%) and MCI (20%). Of particular concern was their finding that 50% of the group required a physical intervention by the assessor to prevent a crash (a finding that has not been reported in any other paper). They also found that 50% of the MCI group failed the road test. Similarly, 41% of 55 participants with dementia were reported to fail the road test in Clark 2005 and 63% of 19 subjects for Fox 1997, 36% of 96 subjects with cognitive impairment in Kay 2009, 65% of 99 subjects with dementia in Carr 2011 but only 18% of 65 drivers with dementia in Lincoln 2010. Comparative data versus controls were found in Duchek 2003, which gives test failure percentages of 30% versus 3% for people with and without dementia, and from Lincoln 2006, 37% versus 0%. Ott 2008 showed an increased hazard ratio for test failure of 3.51 in people with established dementia (CDR 1.0) versus early dementia (CDR 0.5) in a prospective study over 18 months. In addition, the CDR 1.0 group also showed a higher rate of driving cessation: only 31% of the CDR 1.0 presented for re-test at 18 months compared to 48% of CDR 0.5. Road test failure rates in Berndt 2008 were 34% for CDR 0.5, 58% for CDR 1.0 and 95% for CDR 2.0. Interestingly one person with CR 2.0 passed the road test suggesting that there may be some merit in offering a road test to people who wish to avail of the opportunity irrespective of their cognitive testing.
Driving simulator performance?
Simulators have also demonstrated higher rates of adverse driving behaviours in studies by Rebok 1994 
Is there documented evidence of negative effects of assessment?
The numbers of older people who would decline voluntary testing are significant. In the Maryland Programme of Older Driver Screening, 53% of a sample of 3974 older drivers declined driver screening offered to them (Ball 2006). There was no difference in retrospective crash rate for those screened and those who declined and, unexpectedly, participants were more likely to be involved in prospective crashes. This sample was taken from older people presenting for re-licensing and participants were not assessed for the presence of dementia. Unfortunately there was no mention of comparative mobility and continued driving rates in the two groups. Snellgrove 2000 and Clark 2005 also reported on those who refused on-road testing: 36% to 54% of those who refused said that they would rather give up their license rather than retest. Both of these studies and also Stutts 1998 and Duchek 2003 indicate that these subjects do not differ from the experimental group in age, sex and Mini Mental State Examination (MMSE) score so we might infer that it reflects a population of people who may have normal driving skill who are negatively influenced by the assessment process with the attendant risks of depression, isolation and social exclusion suggested by show that the combination of the test failure rate and a lack of appeals or applications for re-testing meant that 90% to 96.5% of drivers reported as impaired did not resume driving. Unfortunately, neither study documented the effect on crashes or traffic violations or on the health of reported drivers. Driver screening for cognitive impairment has also been shown to lack utility and is associated with increased traffic fatalities in a study that looked at the impact of a decision by the Danish government to add a brief cognitive status examination to medical screening of older drivers (Siren 2012). This is against a background of other studies that consistently support the hypothesis that mandatory medical testing of older drivers is not associated with reduced fatalities, and indeed that older drivers in the jurisdictions without testing had a significantly safer traffic record (Hakamies-Blomqvist 1996; Langford 2004).
What assessment measures should be used? Neuropsychology
Although studies of older drivers without dementia have shown evidence that office-based tests correlate with future crashes, this has not been evaluated in drivers with a diagnosed dementia. What can be said is that in studies that included people with diagnosed dementia, office-based tests correlate, grossly and without helpful cut-off points, with road test performance and driving simulator performance. Also many studies have shown the strongest correlation between road testing requires a composite of multiple tests (Rizzo 1997; Anderson 2005; Clark 2005; Lincoln 2006), which may limit their use to trained individuals and require lengthy assessments. Clark's composite was more realistic (MMSE, Trail Making test-A and Wechsler Adult Intelligence Scale-block design) with a sensitivity and specificity of 82% and 90%, respectively, but it remains to be established that such an assessment is independently adequate to disqualify drivers or merely a screening tool to identify those requiring road testing. There is little evidence 
Behaviour/driving specific
The model of assessment suggested by Michon 1985 and operationalised by de Raedt 2000 uses a hierarchical and behavioural approach to the driving task. Michon's model of selection, optimisation and compensation describes successful adaptive strategies in individuals with disability. Examining driving behaviour in similar terms may help identify those able to overcome increasing levels of disability -physical or psychological. De Raedt's model examined driving behaviour in three hierarchies: strategic behaviours involved in planning destinations and routes and avoiding hazardous weather or traffic conditions; tactical refers to anticipatory behaviours such as speed adaptation; operational behaviour is the physical performance of the task (examined in most studies). De Raedt showed high levels of strategic behaviours in those performing badly on road tests but who did not have high accident rates. High accident rates were more associated with low tactical performance scores. This adds an extra dimension to assessment and may help explain the apparent discrepancy between high test failure rates and low per capita crash rates as well as some of the variability in the studies quoted. This model was used by Grace 2005 in a small study with 21 in each group comparing participants with AD, Parkinson's disease and healthy controls. In this study, test failure was rare: only two of the AD group and none of the other two groups failed the road test. However, errors were more common in AD and Parkinson's disease groups, with strategic, tactical and operational errors observed in people with AD while only tactical errors were observed in people with Parkinson's disease. This may suggest that a single standardised test will not be suitable in all older drivers or even all neurologically impaired drivers and a tailored approach may be necessary. Another approach that has more congruence with modern concepts of driver behaviour is that of self efficacy, and an early study in stroke (an illness with high levels of cognitive impairment) has shown promise (George 2007). 
On-road tests
Dementia type
AD is specifically evaluated in most studies although many of the studies did not specify which dementia subtypes were within the experimental group or did not use consistent and clinically useful criteria (such as CDR or NINDS) to document disease severity. Vascular dementia (VaD) is rarely tested and then usually as a part of an unselected dementia population. No subgroup analysis or specific studies of driving in VaD were identified. Fitten 1995, Zuin 2002, Clark 2005 and Lincoln 2010 were the only studies identified that specifically mentioned including a number of subjects with VaD but did not look at differential outcomes due to small numbers. Fronto-temporal dementia (FTD) has only been evaluated in one study (de Simone 2007), which showed a higher rate of crashes and errors in a simulated drive but only enrolled 15 subjects and 15 controls. Zuin 2002 did comment on a particularly high incidence of adverse driving behaviour in FTD but this only accounted for two out of 87 subjects and no further analysis was attempted. Lincoln 2010 also included a small number of people with VaD, FTD and dementia with Lewy bodies (DLB) but the numbers were too small to yield significant results. Other forms of dementia are almost never evaluated in studies despite reasonable suspicion of higher risk with deficits in perceptual skills and impaired judgement and disinhibition, for example, in DLB. It would seem logical to suggest that deficits of people with VaD, FTD and DLB may not correlate well with the studies on people with AD and would need specific studies to validate driving assessment techniques.
Dementia rating
Use of clinically relevant instruments such as CDR to rate dementia severity have helped to categorise drivers who perform poorly in some studies (Hunt 1993; Duchek 2003; Ott 2008) and by incorporating functional and behavioural measures may have stronger predictive value. As discussed earlier, Ott 2008 showed a significant difference in prospective driving performance according to CDR score reinforcing the value of road testing in earlier stages of AD and in at least one case in a person with a CDR score of 2.
Functional tests
Functional measures, such as delayed recall, Trail Making test, visual perception, useful field of view, lower limb strength, and head and neck mobility, used in the Maryland Pilot Older Driver Study (Staplin 2003a), are potentially reliable predictors of crash risk with clear cut-off scores thus far only evaluated in an unselected older driver population. It bears mentioning though in that this is the first study that had a component looking at mobility and driving cessation. Newer data from the study, however, indicate that the predictive value of functional tests may decrease with increasing time since assessment, although the predictive value of delayed recall and rapid pace walk was preserved (Staplin 2003).
Collateral history
Collateral history is useful but may be misleading and subject to positive and negative bias. Wild 2003 showed more accurate prediction of driving ability from carers than people with AD but not for healthy older people. However, carers' assessment of functional impairments can be influenced by the burden placed on a carer's time (Zanetti 1999) and carers may have vested interests in a person's continued driving, in the example of a non-driving spouse. This may explain the higher crash rates estimated by carers as found in Friedland 1988. Despite this, dementia research in other fields lends credence to the collateral history, which can be a more accurate estimate of cognitive and functional decline (Archer 2007).
Other approaches to managing driving and dementia: mandatory reporting and voluntary reporting
A study from Oregon showed that, where physician reporting of impaired drivers was linked to mandatory suspension from driving, only 18.5% of 1664 drivers requested a re-test or appeal against suspension and that 56% of those re-tested regained driving privileges (Snyder 2009). The majority (88.8%) of these automatic suspensions were for cognitive impairment. No data have been presented on whether this measure improves safety on Oregon's roads. Meuser 2009 described a system where introduction of voluntary reporting of impaired drivers in Missouri led to driving cessation in 96.5% of 4100 reported individuals, 50% of whom did not seek any further assessment. This measure did lead to a reduction in crashes in this group but the study did not look at the impact on mortality or morbidity outcomes for this group other than motor vehicle accidents.
Summary
Our findings, therefore, continue to demonstrate a deficit in the transport literature for people with dementia. Despite considerable international variation in the regulatory and legislative processes for driving assessment in people with dementia there is no evidence from RCTs or prospective studies that driving assessment will help maintain mobility or improve safety for drivers with dementia. The subject of mobility outcomes after driving assessment has been overlooked thus far. Drawing on the literature for the larger numbers of older driver, little evidence has, so far, been forthcoming that there is any benefit in these driver screening programmes. Studies evaluating driving skills in people with dementia are fraught with methodological difficulties and are largely focused on rare outcomes such as crashes and therefore rely on surrogate markers such as cognitive tests, driving simulators and road tests. The overwhelming majority of these tests have not been evaluated prospectively in people with dementia and so can only offer speculative data on crash risk. Finally, given the evidence of negative effects of mandatory assessment and driving cessation more prospective data are required regarding positive and negative outcomes for people with dementia who undergo driving assessment.
A U T H O R S ' C O N C L U S I O N S Implications for practice
There is no randomised evidence to indicate whether neuropsychological, on-road or other assessments of driving ability can help support safe drivers to remain mobile, or to reduce crashes.
Implications for research
More work is required to identify the optimal assessment strategy to help preserve transport mobility. A key challenge here is the development of a concise measure of transportation resources and quality, as suggested by Metz 2004.
Screening appears to discriminate unfairly against older drivers and yet in a population who appear to have declining driving skills there is understandable concern about crash risk. Further research is required to develop assessment tools that can reliably identify unsafe drivers with dementia in an office-based setting. Behavioural models may be of benefit here.
RCTs of driving assessment should involve a careful design, randomising people who drive to either formal testing or usual care and assessment, with longitudinal follow-up of satisfaction with transport (Rosenbloom 2003) and crashes or violations. Ethically, this may not pose a public health hazard in view of some memory clinic studies that suggest no increase in crashes in those with dementia (Drachman 1993; Trobe 1996; Carr 2000). Due care will need to be given to advice to participating drivers on informing driver licensing authorities and insurance companies, depending on the jurisdiction(s) within which the study is taking place. The study should also incorporate regular data review by an independent safety committee. As it is clearly undesirable that all drivers with dementia continue driving indefinitely, the use of a measure of transport efficacy, such as the Life Space Questionnaire (Stalvey 1999). may be a better guide to the primary question posed. It is likely that a close monitoring of the study for adverse events would be the best guide to the potential hazards, as, given that crashes are infrequent events, a study based purely on the secondary objective of safety would have to be very large. Extrapolating from Staplin 2003 where 111 out of 1876 participants in the License Renewal Sample crashed in the 20 months' follow-up, giving a crash rate of 0.06 per person over 20 months. Using JMP statistical software (SAS Institute) we estimate that a sample size of 5293 in each group would be required to have an 80% power to detect a 20% difference in crash rate between an unselected older driver population and a dementia group in the same time frame. If, however, we were to choose a larger estimate of increased crash risk such as a 50% difference in crash rates, our required sample size would be 953 per group. For the primary research objective of continued driving, cessation over a 23-month period was almost 50% in a Canadian study of 200 drivers with dementia (Herrmann 2006), giving a withdrawal rate of 0.485 per person over a 23-month period. This would give us a sample size of 2625 in each group to have an 80% power to detect a 10% difference in driving cessation.
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